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O ' ABSTRACT 

We have carried out a photometric and spectroscopic survey of bright high-amplitude 
S Scuti (HADS) stars. The aim was to detect binarity and multiperiodicity (or both) in order 
to explore the possibility of combining binary star astrophysics with stellar oscillations. Here 
we present the first results for ten, predominantly southern, HADS variables. We detected the 
orbital motion of RS Gru with a semi-amplitude of ~6.5 km s _1 and 1 1.5 days period. The 
companion is inferred to be a low-mass dwarf star in a close orbit around RS Gru. We found 
multiperiodicity in RY Lep both from photometric and radial velocity data and detected orbital 
motion in the radial velocities with hints of a possible period of 500-700 days. The data also 
revealed that the amplitude of the secondary frequency is variable on the time-scale of a few 
' years, whereas the dominant mode is stable. Radial velocities of AD CMi revealed cycle-to- 

cycle variations which might be due to non-radial pulsations. We confirmed the multiperiodic 
nature of BQ Ind, while we obtained the first radial velocity curves of ZZ Mic and BE Lyn. 
The radial velocity curve and the O-C diagram of CY Aqr are consistent with the long-period 
binary hypothesis. We took new time series photometry on XX Cyg, DY Her and DY Peg, 
with which we updated their O-C diagrams. 
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1 INTRODUCTION 

5 Scuti stars are short-period pulsating variables of A-F spectral 
types, located at the intersection of the main sequence and the clas- 
sical instability strip in the Hertzsprung-Russell diagram. Typical 
periods are in the order of a few hours with amplitudes less than 
1 mag. A prominent group within the family comprises the high- 
amplitude S Scuti stars (HADS), which have V-band amplitudes 
larger than 0.3 mag. Population II members of the group are also 
known as SX Phoenicis stars, o ften found in globular cluste rs (for 
a review of S Scuti stars see e.g. iRodrfguez & BregeJ J200lk 

HADS's are the short-period counterparts of the classical 
Cepheids, excited by the K-mechanism and pulsating in one or two 
radial modes, usu ally in the fun damental and first-ov e rtone modes 
jMcNamardl2000l) . The data in IRodrfguez & Breged J200ll) show 
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that there is no rapidly rotating HADS (vsini 40 km s _1 ), 
suggesting an intimate relationship between the rotational state 
and the excitation of pulsations. In recent years, the number of 
HADS known with multimode oscillations has rapidly grown, hint- 
ing a new potential for asterosei smic studies of these objects (e.g. 
Poretti 200l IPoretti et alJ h005 ) . Several investigations suggested 
that some of the stars may have non-ra dial pulsation modes present 
(McNamara 200ci: IPoretti et alj |2005). However, an important pa- 
rameter in modeling stellar oscillations is the mass of the star, 
which is usually constrained from evolutionary models. This will 
inevitably lead to great uncertainties in any kind of modeling at- 
tempts, so that independent mass estimates could be of paramount 
importance. Thus, binary 8 Scutis may play a key role in under- 
standing oscillations of these stars. 

There has been a great interest recently in 5 Scuti 
stars tha t reside in eclip sin g bin ary systems (e.g. Kim et all 



stars that reside in eclipsing binary systems (e.g. Kim et al. 
120031 : Mkrtichian et al. l2006t ISovdugan et ail 120061 : 
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Table 1. The list of programme stars. The asterisks mark multiperi- 
odic stars, for which this Table contains the domin ant period only. 
Refere nces for the parameters are th e fo llowing: (al [ Ro driguez et alj 
ll996l): (b) IRodriguez & Bregerl |200ll); (c) IPerrvman et all jl997bl) ; (d) 
Kholopov et alj Jl985-1988h: (e) ISzakats. Szabo. & Szatmarvl 120081): ff ) 
Blake et alj l2003|); (g)lRodrfguez et alj Jl995bl) : (h) |Fu & Sterkerj J2003l) : 
(O foerekas et aljj2003h . 



Star 


Pop. a 


Vmax 


V mi „ 


P (days) 


Obs. 


RY Lep* 


I 


8 m 20 


9^10 


0.22514410 c 


I/sp. 


AD CMi* 


I 


9™21 


9™51 


0.12297443 d 


sp. 


BELyn 


I 


8 m 60 


9™ 00 


0.09586952° 


sp. 


DY Her 


I 


1CT15 


10^66 


0.14863135 d 


V 


XXCyg 


II 


ll m 28 


12™ 13 


0. 134865 ll f 


V 


BQ Ind* 


n b 


9™78 


10^05 


0.08200015 c 


I 


ZZ Mic* 


i 


9™27 


9™69 


0.067 18350 d 


BV/sp. 


RS Gru 


i 


711192 


8 m 51 


0.147011318 


BVI/sp. 


CY Aqr 


ii 


10™42 


11™ 16 


O.O6103833 h 


BVI/sp. 


DYPeg 


ii 


9™95 


10^62 


0.07292630 1 


V 



IPigulski & Michalskd I2OO7I ; Ichristiansen et alj 120071) . Currently, 
we know abo ut 40 such S Scuds, of w hich only one belongs to the 
HADS group dChristiansen et alj2007t). There are also a h andful of 
non-eclipsing binary HADS (Rodriguez & Bregei 2001), usually 
deduced from the apparent cyclic period changes but with a few 
exceptions, like the single-lined spectroscopic binary SZ Lyn. The 
low number of binary S Scutis suggests a strong observational bias, 
because one needs accurate observ ations with a long time s pan to 
detect multiplicity unambiguously ( IRodriguez & Brege r 2001). 

In this paper we present the results of our investigations 
into binarity and multiple periodicity in bright HADS variables. 
The sample was initially selected from the variable star cata- 
logue of t he Hipparcos satellite, which contains 21 "SX Phe" 
type stars dPerrvman et alj [l997bl) . Of these, here we discuss 9 
stars (and RY Lep in addition), i.e. our present sample contains 
almost half of all known bright HADS. Using a wide range of 
telescopes and instruments, we have been monitoring the target 
stars over the last five years, extending the earlier studies by 
our group i)Kiss & Szatmarvlll995l:lKiss et alj|2002l : iDerekas et all 
2003 ; ISzakats. Szabo. & Szatmary||2008h . 

The paper is organized as follows. The observations and the 
data analysis are described in Sect. 2. The main discussion is in 
Sect. 3, in which the results for individual stars are presented. A 
brief summary is given in Sect. 4. 



2 OBSERVATIONS AND DATA REDUCTION 

The observed stars and their main observational properties are 
listed in Table Q] The full log of observations is given in Table I All 
in the Appendix. All data presented in this paper are available for 
download from the CDS, Strasbourg. 

Observations were carried out using seven different instru- 
ments at five observatories in Australia, Hungary and the USA on 
a total of 65 nights between 2003 October and 2008 July. In the 
following we briefly describe the telescopes and the detectors used 
in this project, in an order of increasing mirror size: 

- Szeged Obsen'atory, 0.4 m (Sz40) 

V-band CCD photometry of XX Cyg was carried out with the 
0.4 m Newtonian telescope at Szeged Observatory. The telescope 



Table 2. New times of maximum (HJD-2400000). 



Star 


H JD ma x 


Filter 


Star 


HJD max 


Filter 


RS Gru 


52920.0196 


V 


CY Aqr 


53334.9453 


I 


RS Gru 


52921.9311 


V 


CY Aqr 


53336.9592 


1 


RS Gru 


52922.0772 


V 


CY Aqr 


53337.9357 


1 


RS Gru 


52923.9905 


V 


CY Aqr 


54307.5293 


V 


RS Gru 


52925.0188 


V 


CY Aqr 


54308.5073 


V 


CY Aqr 


52920.9223 


V 


XXCyg 


54307.4294 


V 


CYAqr 


52920.9827 


V 


XXCyg 


54309.4515 


V 


CYAqr 


52921.0439 


V 


XXCyg 


54677.3633 


V 


CYAqr 


52923.0587 


V 


DY Her 


54304.4772 


V 


CYAqr 


52926.9643 


V 


DYPeg 


54305.4731 


V 


CYAqr 


52927.0258 


V 









has an 1 1' x 17' field of view and the detector was an SBIG ST-7 
CCD camera (765 x 5 10 pixels at 9 /im). We took observations for 
XX Cyg with exposure time of 45 s. 

- Siding Spring Obsen'atory, 0.5 m (APT50) 

Time-series CCD photometry was obtained for RY Lep, BQ Ind 
and CY Aqr with the Automated Patrol Telescope (APT) at Siding 
Spring Observatory, which is owned and operated by the Univer- 
sity of New South Wales (UNSW). The telescope w as originally 
a Bak er-Nunn design converted into CCD imaging dCarter et al.1 
Il992h and has a three-element correcting lens and an f/1 spheri- 
cal primary mirror. The camera has an EEV CCD05-20 chip with 
770 x 1 150 (22.5 fim) pixel to image a 2 x 3 deg 2 field of view. We 
obtained /-band images with exposure times between 3 s and 60 s, 
depending on the star and the weather conditions. 

- Siding Spring Observatory, 24" /0.6 m (SSO60) 
Photoelectric photometry of ZZ Mic, RS Gru and CY Aqr 

was obtained with the 0.6 m f/18 Cassegrain-reflector, on which 
a single-channel photometer was mounted. It had a computer- 
controlled 8-hole filter wheel, for which the dwell times on each 
filter can be varied. The detector was a fhermoelectrically cooled 
Hamamatsu R647-4 photomultiplier tube with a 9 mm di ameter bi- 
alkali (blue-sensitive) photocathode (Handl er et alj200oh . We used 
B, V and I filters and the exposure time varied between 15 s and 
30 s, depending on the brightness of the observed star. 

- Piszkesteto Station, 0.6 m (P60) 

l/-band CCD photometry was obtained on CY Aqr, XX Cyg, 
DY Her and DY Peg with the 60/90/180 cm Schmidt-telescope 
mounted at the Piszkesteto Station of the Konkoly Observatory. 
The detector was a Photometries AT200 CCD camera (1536x 1024 
9 pixels, FOV=28' x 19'). 

- Fred Lawrence Whipple Observatory, 1.5 m (MH150) 

High resolution spectra were obtained on BE Lyn with the Till- 
inghast Reflection Echelle Spectrograph (TRES) and the 1.5 m tele- 
scope at the Fred Lawrence Whipple Observatory on Mt. Hopkins, 
Arizona. TRES is a high-throughput fiber-fed echelle. It is cross- 
dispersed, yielding a passband of 380-920 nm over the 51 spec- 
tral orders. It accommodates 3 optical fiber pairs (science+sky) of 
different diameters, to offer a match for seeing conditions. Simul- 
taneous ThAr calibration is also available via a separate fiber. The 
available resolutions are 64K, 35K and 3 IK, depending on the fiber 
size selected (1.5, 2.3 or 3.2 arcsec, respectively). The observations 
were taken as part of the instrument commissioning, using the small 
fiber and 300 s integration times. The 4.6k x 2k detector was binned 
2x2 in order to improve the duty cycle (15 s readout time), provid- 
ing a slightly undersampled FWHM of 2.0 pixels. 
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- Siding Spring Obsen'atory, 2.3 m (SSO230) 
Spectroscopic observations were carried out for RY Lep, 

AD CMi, ZZ Mic, RS Gru and CY Aqr with the 2.3 m ANU tele- 
scope at the Siding Spring Observatory, Australia. All spectra were 
taken with the Double Beam Spectrograph using the 1200 mm -1 
gratings in both arms of the spectrograph. The projected slit width 
was 2" on the sky, which was about the median seeing during our 
observations. The spectra covered the wavelength ranges 4200- 
5200 A in the blue arm and 5700-6700 A in the red arm. The dis- 
persion was 0.55 A px -1 , leading to a nominal resolution of about 
1 A. The exposure time varied between 50 s and 180 s depending 
on the observed star and the weather conditions. 

- Anglo-Australian Observatory, 3.9 m (AAT) 

We used the 3.9 m Anglo-Australian Telescope equipped with 
the UCLES spectrograph for 4.2 hours of high-resolution spec- 
troscopy of RS Gru. The observations were taken during service 
time. Our echelle spectra include 56 orders with a central wave- 
length of 6183 A and a resolving power A/ A A ~40 000. The ex- 
posure time was 300 s. 

All data were reduced with standard tools and procedures. 
Photoelectric photometry taken with the SSO60 instrument were 
transformed to the s tandar d system using the coefficients from 
iBerdnikov & Turn er (2004). Uncertainties in the Fouri er ampli- 
tudes were calculated following the considerations of iKieldsen 
d2003h . Th e BV standard m agnitudes of comparison stars were 
taken from KharchenkrJ d200ll) . w hile I standard magnitudes wer e 
taken from the DENIS catalogue dThe DENIS consortium! 120051) . 
The CCD observations were reduced in IRArfl including bias re- 
moval and flat-field correction utilizing sky-flat images taken dur- 
ing the evening or morning twilight. Differential magnitudes were 
calculated with aperture photometry using two comparison stars of 
similar brightnesses. 

Thanks to the dense sampling of the light curves, new times of 
maximum light for monoperiodic stars were easy to determine from 
the individual cycles. This was done by fitting fifth-order polynomi- 
als to the light curves around the maxima. We estimate the typical 
uncertainty to be about ±0.0003 d. The new times of maximum 
light are listed in Table[2] 

For the multiperiodic stars, we perfor med standard Fourier - 
analysis with prewhitening using Period04 dLenz&Bregel 2005). 
Least-squares fitting of the parameters was also incl uded and the 
S/N of each frequency was calculated following Breg er et"al] 
J 19931) . 

All spectra were reduced with standard tasks in IRAF. Re- 
duction consisted of bias and flat field corrections, aperture ex- 
traction, wavelength calibration, and continuum normalization. We 
checked the consistency of wavelength calibrations via the constant 
positions of strong telluric features, which verified the stability of 
the system. Radial velocities were determined with the task fxcor, 
applying the cross-correlation method using a well-matching the- 
oretical temp l ate sp ectrum from the extensive spectral library of 
Munari ct ID (2005). For consistency, the velocities presented in 
this paper were all determined from a 50 A region centered on the 
Ha line. The high-resolution spectra for BE Lyn and RS Gru al- 
lowed us to compare hydrogen and metallic line velocities, which 



IRAF is distributed by the National Optical Astronomy Observatories, 
which are operated by the Association of Universities for Research in 
Astronomy, Inc., under cooperative agreement with the National Science 
Foundation. 




phase 



Figure 1. Standard light and colour variations of RS Gru 
(E =2452920.0196; P=0.14701131 d). 



will be discussed in a subsequent paper. We made barycentric cor- 
rections to every radial velocity value. Depending on the signal-to- 
noise of the spectra, the estimated uncertainty of the radial veloci- 
ties ranged from 1-5 km s . Radial velocities from the AAT and 
MH150 Echelle spectra have much better accuracy, ^100 m s _1 . 



3 RESULTS 
3.1 RS Gruis 

RS Gru (HD 206379; HIP 107231) is a monoperiodic HADS with 
a pulsation period of 0.147 d and a mean magnitude o f ~7.9 mag. 
Its light variati on was first detected by Hoffmeister ( 195 6|) an d 
studied later by lEggenl d 19561) and lOosterhoff & Walraven dl966t) . 
iKinmanl dl96 ll) took photometric and spectroscopic observations 
and measured a mean velo city of 81 km s with a velocity 
amplitude of ~45 km s _1 . iMcNamara & Feltzl d 19761) obtained 
uvby/3 photometry and spectro g raphic data and determined 
physical parameters. Ivan Cittersl l l 19761) acquired photoelectric 
radial velocity curves on two nights, while further photometric 
observations were taken by Dea n et alj 1 1977 ). New radial velocity 
measurements taken by iBalona & Martini dl978ah showed unam- 
biguously the variation of the center-of-mass velocity, indicating 
the binary nature of RS Gru but the orbital period was not 
determin ed for nearly t h ree decades . Furth er investigations wer e 
done by iBregeri dl980b; lAndreasenl dl983l): iMcNamaral dl985l); 



lAntonello et al 
T 



1986 



Garrido, Garcia-Lobo, & Rodriguez 
Claret. Rodriguez. & Garcial 



( 119901) : iClaret. Rodriguez. & Garcid dl990h; IRodriguez et al.l 
(1990). Period decrease was found by IRodriguez et alj dl9 95a b) 
and phy s ical parameters were a lso calculated by IRodriguez et al.l 
dl995bl) . Iloner & Lanevl (2004) took high-quality spectroscopic 
measurements and determined the radius and the absolute magni- 
tude for RS Gru. They again showed unambiguously that RS Gru 
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phase 

Figure 2. Radial velocities of RS Gra, phased with the pulsation period. 



is a spectroscopic binary with an orbital period of approximately 
two weeks but no exact period was given. 

We obtained standard BVI photoelectric photometry using 
SSO60 on 4 nights in 2003 and 1 night in 2004. For differen- 
tial magnitudes we used two comparison stars: comp=HD 207193 
(V = 6.79 mag, B -V = 0.35 mag) and check=HD 207615 
(V — 8.53 mag, B — V = 0.08 mag). The full log of observations 
is given in Table IaTI and the light and colour variation are plotted 
in Fig.[U 

To measure the orbital period of the system, we obtained 
medium-resolution spectroscopy on 16 nights between 2003 and 
2005 using the SSO230 instrument. In addition, we observed the 
star with the AAT on 1 night in 2006. The whole phased dataset 
is shown in Fig. [2] where the continuously changing shift in the 
systemic velocity is evident. 

We performed a period analysis of the radial velocities, which 
revealed the main pulsation frequency at /i=6.802 c/d, its integer 
harmonics (2/i, 3/i), and a low frequency component at about 
~0.11 c/d, corresponding to a period of 9 days. However, we did 
not accept this as the orbital period because the high-amplitude pul- 
sation and random sampling may interplay and thus render the re- 
sults unreliable. Therefore, we determined the orbital period as fol- 
lows. First, we selected the best-defined single-night radial velocity 
curve to fit a smooth trigonometric polynomial to the phased RV 
data. Then we used the fixed polynomial to determine individual 
7-velocities for each night by fitting the zero-point only. This way 
we could determine the center-of-mass velocity on 15 nights (listed 
in Tabled- The Fourier spectrum of the data (Fig.O shows a broad 
hump of peaks around 0. 1 c/d with the highest peak at 0.087 c/d, 
which we identify as the most likely orbital frequency. The phased 
7-velocities (Fig. [4]l show a reasonably convincing sine-wave, for 
which the best-fit curve (solid line in Fig. [4]l indicates a velocity 
amplitude of K=6.5 km s _1 . 

From these, we can estimate the mass of the companion from 
the mass function lHild itchl200l1) : f(M) = (1.0361 x 10" 7 )(1 - 
e 2 ) 3/2 K 3 P = M 2 3 sin 3 i/(Mi+M 2 ) 2 = 3.3 x 10 _4 M Q . Assum- 
ing that the S Scuti mass is about 1.5-2.5 Mq, the calculated min- 
imum mass for the companion at different inclinations is shown in 
Table|4] The derived masses show that the companion of the RS Gru 
is most likely a low-mass star. We can also estimate the semimajor 
axis of the system, which is about ~0. 1 AU (a = 0.11 AU at 
M 2 = 0.09 M Q and a = 0.13 AU at M% = 0.89 Mq). 

There is an interesting possibility to determine the pulsation 
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frequency (c/d) 

Figure 3. Fourier spectrum of the 7-velocities of RS Gru. Inset shows the 
spectral window. 
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Figure 4. 7-velocity variation of RS Gru phased with P or b = H-5 d. 



Table 3. Center of mass velocities of RS Gra. 



HJD-2 400 000 


v 7 


HJD -2 400 000 


v 7 


(d) 


(kms" 1 ) 


(d) 


(kms" 1 ) 


52922.0214 


73.5±0.2 


53524.2197 


88.2±0.3 


53274.1377 


82.8±0.2 


53600.0627 


73.2±0.2 


53275.1222 


84.4±0.2 


53601.0413 


78.2±0.2 


53276.0892 


78.3±0.2 


53604.0516 


86.0±0.8 


53520.2614 


73.1±0.2 


53605.1980 


84.8±0.3 


53521.2482 


76.3±0.2 


53606.2073 


86.5±0.1 


53522.2248 


77.5±0.2 


53937.2552 


84.6±0.05 


53523.2573 


82.5±0.2 






Table 4. Estimated mass (M 2 ) for the companion of RS Gra. 


Mi 


= 1.5 Mq 


Mi = 2 Mq Mi 


= 2.5 Mq 


Inclination 


M 2 


M 2 


M 2 


(°) 


(Mq) 


(Mq) 


(Mq) 


90 


0.09 


0.11 


0.13 


70 


0.10 


0.12 


0.14 


50 


0.12 


0.15 


0.17 


30 


0.20 


0.24 


0.27 


10 


0.66 


0.78 


0.89 
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constant, which is most useful for pulsating stars in eclipsing bi- 
naries, where the radius of th e stars can be determined accurately 
( J0rge nsen & Gr0nbechlll978T) . Combining Kepler's third law and 
the pulsation constant formula: 



•Ul'l Q = /'ml [ ^ 



results in (using the same units): 



(i) 



(2) 



Adopting i?i = 2.9 ± 0.17?© dBalona & Martinlll978ah . P pu i = 
0.147 d,P orb = 11.5 d a = 0.12±0.01AU, Mi = 2.0±0.1M© 
dRodriguez et all Il995bh . M 2 = 0.2 ± 0.02M©, the resulting 
Q = 0.037±0.013 d is consistent with pulsations in the radial fun- 
damental mode. The dominant sources of error are the radius, the 
unknown inclination and the orbital semi-major axis, which pose a 
significant limitation at this stage. It is nevertheless reassuring that 
the given orbital period and size yield a consistent picture of RS 
Gru being a fundamental mode pulsator. 



3.2 RY Leporis 

The light variation of RY Lep ( HP 38882; HIP 27 400; V=8.2 mag; 
7=8.3 mag) was discovered by Strohmeier ( 1964) and the star was 
thought to be an eclipsing binary with an unknown period for more 
than two d ecades. The SIMB AD database still lists it as an eclips- 
ing binary. iDiethelm U 19851) obtained five nights of observations 
which revealed the real HADS nature of this star. He determined 
the pulsation period as 0.2254 d and also noted small cycle-to- 
cycle varia tions, but the da t a were not sufficient to draw a firm 
conclusion. Rodriguez et alj dl995bl) determined physical parame- 
ters based on one night of uvby/3 observations, co vering one pulsa- 
tion cycle. lLanev. Joner. & Schwendimanl ([2002) found aperiodic 
or possibly multiperiodic variations and detected binary motion in 
the radial veloc i ties w ith a period more than 500 days. Finally, 
Rodri guez et alj d2004l) has shown unambiguously the multiperi- 
odic nature of RY Lep (fi=4.4416 c/d, f2=6.60 c/d) and its binarity 
was also suggested from an analysis of the O-C diagram (details 
have not yet been published). 

To study RY Lep photometrically, we obtained J-band CCD 
images on 20 nights between October 2004 and January 2005 using 
the APT50 instrument. We obtained more than 5000 data points 
with 10 s exposures. The full log of observations is given in Table 
IA1I For the aperture photometry we used two comparison stars: 
comp=GSC 05926-01037 (V = 9.98 mag, I = 9.34 mag B - 
V = 1.2 mag), check=HD 39036 (V = 8.21 mag, I = 8.72 mag 
B — V = 1.06 mag). 

We performed standard Fourier analysis of the data. Fig. [6] 
shows the results of the frequency search. We identified the two 
main pulsational frequencies at fi=4.4415 c/d and f2=6.5987 c/d. 
A further 14 statistically significant peaks were found in the data, 
which are mainly the various linear combinations of the two pulsa- 
tion modes, and thereupon validating the pulsational nature of f 2 . 
The results of the period analysis are summarized in Table [5] The 
final light curve fit is shown in Fig. [5] 

The resulting fr equencies (/i, fe) are in very good agree- 
ment with those by [Rodriguez et all d2004l) . We have two low- 
amplitude peaks that seem to be significant and may be related 
to pulsations (/14 and /15), similarly to V743 Cen, AI Vel and 
VW Ari, where 3, 4 and 7 frequencies were detected, respectively 



0.12 

0.08 

0.04 

0.00 

0.04 

0.02 

0.00 
0.02 




data-lf 




data-2f . 



data-3f 




10 20 30 

frequency (c/d) 

Figure 6. Amplitude spectra of 20 nights of /-band data for RY Lep. The 
insert shows the window function. From top to bottom, every panel shows 
an amplitude spectrum prewhitened with all frequencies marked in the pan- 
els above. 16 frequencies can be identified with S/N larger than 4. 
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Figure 5. Individual light curves of RY Lep (small dots) with the light curve fit (continuous line). 



Table 5. The result of the period analysis for RY Lep. /i and /2 are the two 
pulsation modes, the remaining peaks are predominantly to be the harmon- 
ics or linear combinations of these two frequencies. 



No. 


Frequency Amplitude 
(d^ 1 ) (mmag) 


S/N 


Frequency 
identification 






±0.4 






h 


4.4415 


96.8 


204 




h 


6.5987 


46.6 


103 




h 


11.0402 


19.3 


42 


/1+/2 


h 


8.8830 


10.5 


24 


2/i 


h 


3.1600 


10.2 


20 


h - h + i-o 
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dMcAlary & WehlauJ 1 19791 ; IWalraven. Walraven. & Balonal 1 19921 ; 
iLiu et alJ 19961) . Three low-frequency components that are presum- 
ably artifacts (/V, /10 and /12). The frequency ratio of /1 and 
fa is 0.6731 which is not compatible with the usual scenario of 



fundamental and first overtone radial modes (FU/IO ~ 0.77). 
iRodrfguez et alj (2004) identified /1 with the fundamental mode 
and fa with a non-radial P2 mode. The frequency ratio could also 
indicate first and third overtone ra dial modes, for which the oreti- 
cal models predict 10/30 ~ 0.68 dSantolamazza et al]|200ll) . but 
the physical parameters of the star, such as temperature, luminos- 
ity and evolutionary mass, are not compatible with that possibility 
dRodriguez et aljl995bl.l2004l) . 

Looking at the pulsational amplitudes of RY Lep, one can no- 
tice some interesting features. In our data the amplitude ratio of the 
fa and /1 frequencies i s about 0.5. Contrary to this, observations by 
IRodrfguez et al.1 (2004) implied a significantly lower amplitude ra- 
tio of about 0. 1 . If we use a trasformation factor F ~ 1 .7 between the 
7-band and the V-band amplitudes (see fig. 2 of iBalona & Eversl 
GUI)), numbers in Table [5] imply AV(/i) = 1 64.6 mmag and 
AFffe ) = 79.2 mmag. In comparison, the data in lRodrfguez et al.l 
d2004l) . obtained between 1998 and 2002, revealed AV(fi) = 
164.8 mmag and AV(f2) = 11.1 mmag (Rodriguez, 2008, per- 
sonal communication). We conclude that /1 seems to be very stable 
in amplitude, whereas fa shows strong amplitude variations, with 
recent data implying an 8-times larger amplitude. 

The fi r st sp ectroscopic measurement of RY Lep was presented 
bv lPoppei) i 19661), where the spectral type was determined as F0. 
Recently. lLanev. Joner. & S chwendiman (2002) found clear evi- 
dence for binary motion using radial velocity measurements but 
the data did not allow them to determine the orbital period which 
appeared to be longer than 500 days. 

We obtained radial velocity measurements on four nights in 
2004 and two in 2005. The RV curves of the seasonal datasets 
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Figure 7. The RV curve of RY Lep phased with P=0.225 d. The data of 6 
nights in 2004 and 2005 clearly show the ~ 25 km s _1 of 7- velocity shift 
between the two sets of observations. Note that the October 2004 dataset is 
binned. 



(February 2004, October 2004 and December 2005) phased with 
the main period (/1) are presented in Fig. [7] with three different 
symbols. 

The pulsation amplitude of RY Lep is about 30 km s _1 and 
its multiperiodic nature causes cycle-to-cycle variations in the RV 
curves. The February 2004 and December 2005 datasets have basi- 
cally the same 7-velocity values but the October 2004 dataset has a 
higher value by about 25-30 km s _1 . This leads to the conclusion 
that the orbital motion is clearly det ected in the almost 700 day long 
datase t, which is in agreement with lLanev. Joner. & Schwendimanl 
(2002) but still does not allow us to determine the orbital period. 
To estimate the approximate nature of t he companion, we assumed 
that t he orbital period is about 730 d dLanev. Joner. & Rod riguez 
120031) and took the full range of 25 km s 1 in v-y as an estimate 
of the 2Ki velocity amplitude. Repeating the same calculations as 
for RS Gru, the companion's mass is about 1.1±0.15 Mq and the 
orbital semi-major axis is 2.3 AU, i.e. the companion is comparable 
to RY Lep in mass. The lack of noticeable spectral lines from the 
secondary may suggest a white dwarf but a firm conclusion would 
require spectra with broader coverage. 

3.3 AD Canis Minoris 

One of the best studied HADS is AD CMi (HD 64191 ; HIP 38473; 
V=938 mag), whose light variation was discov ered bvlHoffmeisted 
d 19341) and classified as an eclipsing binary bv lZessewitchl dl95fj|). 
The fi rst detailed study of the star was done by lAbhvankati 
who took photometric and spectroscopic observations 
but the data were not sufficient to determine the radius us- 
in g the Wesselink method . Furt h er observations were obtained 
by Anderson & McNamara (1960); Epstein & Abraham de Epstein 
dl973l) ; |Pean et al.ldl977l) ; lBalona & Stobid Jl983h . lBregeil dl97^) 
used uvbyP photometry to determine radius, mass and variations of 
physic al parameters during the pulsation cycle, while Mc Namaral 
d 19851) found that the rotational velocity is s maller than 20 km s -1 . 
Fourier decomposition of the light curve dAntonelloet~al]|l986l) 
showed a surprisingly high fei value, suggestive of overtone pul- 
sation. However, the star seems to pu lsate in fundamental mod e 
as other monoperiodic HADS stars do dKilambi & Rahmanlll993h . 
The re has been no expl anation for this phenomenon. Kind d 1990h 
and lKim & Jonen 1 d 19941) determined the radius of AD CMi, using 



Figure 8. RV curve of AD CMi phased with the pulsation period 
(E =2449401.1320 d; P=0.12297443 d). 



the visual surface brightness method and found a very good agree- 
ment wit h angular diameters from t heoretical and empirical rela- 
tionships. lKilambi & Rahmanl dl993h analyzed 8 nights of UBVR 
photometry a nd calculated physical parameters that agree well with 
iBreged d 19751) and suggested the star is lyi ng on the coo l-edge of 
the instability strip of the Population I stars, (jiandd 19871) reported 
a continuous period increase at the star, which was confirmed by 
iRodriguez. Rolland. & Lopez de Coca! dl988t Il990b . The stability 
of light curve was studied bv lRodriguez 1 19991) who found no sig- 
nificant long-term changes in amplitude. The first su ggestion for 
binarity for AD CMi was presented by iFu & Jiang] dl996l) . who 
found a possible orbital per i od of 30 ye ars from the O-C d i agram . 
Most recently, iHurta et al.l d2007h and iKhokhuntod et al.l (2007) 
have studied the period variations of AD CMi using published and 
new data. They deduced the presence of light-time effect due to bi- 
narity and a slow period increase due to evolutionary effect. In ad- 
dition, Khokhuntod etld] d2007l) detected an extra low-frequency 
component in the photometric data, which provides a possible ex- 
planation for the large scatter of the O— C diagram. 

We performed spectroscopic measurements on 3 nights in 
February 2004 (see Table [A~TT >. The phased RV data (Fig. [8]> have 
a mean amplitude of ~25 km s _1 , while showing significant 
cycle-to-cycle variation. The mean velocity is about 40 km s _1 . 
Two radial velocity measurements are ava ilable in the literature 
dAbhvankatj 1 19591 ; iBalona & Stoblel Il983l) . They det ermined 7- 
veloci ties at 34.5 km s _1 and 38.8 km s" 1 . respectivelv. lHurta et all 
(2007) interpreted the current O — C diagram as a combination 
of the a continuous period increase and light-time effect. The am- 
plitude of the orb ital motion is expected to be about 1.1 km s _1 
( Hurta etal .120071) . Cons idering this orbita l ampl itude, our data are 
in goo d agreement with lBalona & Stobid dl983l). The I Abhvankaij 
( 1959) data, six points in total, are of lower quality and have poor 
phase coverage, so that the larger difference is still compatible with 
our result. 

IPetersen &~ H0g ( 1998) were the first to notice that AD CMi 
may be peculiar in terms of luminosity because the Hipparcos par- 
allax indicated that the star, among five others, was situated ap- 
proximately 3 mag below the standard P-L relation. They even 
suggested the possible existence of an 'AD CMi grou p". We have 
check ed the new reduction of the Hipparcos data dvan Leeuwenl 
2007). The updated parallax ty = 6.20 ± 1.47 mas differs by about 
l-o" from the original value at 7r id = 8.40 ± 1.73 mas. While 



8 Derekas et al. 



the new value pushes the absolute magnitude of AD CMi about 
1 mag brighter, there is still a significant shift left unexplained. 
Stud ies of HADS/SX P he variables in clusters and nearby galaxies 
(e.g. lPoretti et alj2 00ff) do not indicate this large spread in absolute 
magnitude, so that we suspect that there might be a yet-to-identify 
source of systematic error in some of the Hipparcos HADSs. 

Our data also shows cycle-to-cycle variations in the shape of 
RV curve that are within a range of a 2-3 km s" 1 as shown in the 
phase diagram in Fig. [8] This might be due to the presence of an 
additional pulsation mode but our data are not extensive enough 
to resolve multiple modes. If this seco ndary mode is the same one 
reported by iKhokhuntod et alj d2007l) . its ampl itude must change 
in tim e, because the very low amplitude in the Kho khuntod et al.1 
(2007) data is hardly compatible with the 2 — 3 km s _1 cycle-to- 
cycle RV change we find i n the spect r oscop ic measurements. It is 
interesting to add that the lAbhvankarl < 1959) data showed a larger 
peak-to-peak amplitude of about 35 km s — 1 , which may also be 
due to cycle-to-cycle variations caused by a second excited mode. 



3.4 BQ Indi 

BQ Ind (HD 198830; HIP 103290) was discovered to be a 
variable by the Hipparcos satellite and has a mean magni- 
tude V=9.8 m ag, 1= 9.1 mag and a period of 0.0819877 d 



jPerrvman et alj 1997al). The multiperiodic nature of the star first 
discovered by ISterken. Fu. & Brogtl d2003h . who determined two 
frequencies (/i = 12.1951 c/d, /2=15.7686 c/d), corresponding to 
the fundamental and first overtone modes. Since then, no further 
observations have been reported in the literature. 

We performed CCD photometry on BQ Ind on six consecu- 
tive nights in 2004 with APT50. More than 700 data points were 
obtained with 30-40 s exposure time in /-band; a log of observa- 
tions is given in Table [ATI For the aperture photometry we used 
two comparison stars: comp=GSC 08800-00069 (V = 10.6 mag, 
/ = 9.51 mag, B - V = 1.28 mag), check=PPM 774605 
(V = 10.5 mag, I = 9.34 mag, B - V = 1.38 mag). 

The amplitude spectrum is shown in Fig.QO] The primary peak 
was found at /i = 12.1961 and the next prewhitening step 
yielded the secondary frequency at fa = 15.7593 d~ . After sub- 
tracting the two main frequencies we ended up at their linear com- 
bination and then the integer harmonics (2 fx, 3/i) of the primary 
frequency. Their parameters are summarized in Table [6] 

The resulting two frequencies (/i, /2) confirm the double- 
mode nature of BQ Ind, and are in very go od agreement (within 
1%) w ith the frequencies determined by ISterken. Fu. & Brogtl 
d2003l) . with no further frequencies in the residuals. The period ra- 
tio is /1//2 = 0.7739, which suggests fundamental (/1) and first- 
overtone { f 2) mode pulsation. The Fourier-fit of the individual light 
curves is presented in Fig. [9] 



3.5 ZZ Microscopii 

The short-period v ariability of ZZ Mic (HP 199757; HIP 103684) 
was discovered by IChurms & Evans! dl96ll) . Its average V mag- 
nitude is 9.43 mag and the pulsation period is 0.0654 d. Th e 
first detailed analysis of this star was done by Leung (1968), 
who found cycle-to-cycle variation in ultraviolet light and also 
detected a period decrease. Later the photoelectric observations 
and data analysis dChamblisd[l97ll ; iRodnguell 1 999!) did not con- 
firm any change in the light curve shape. iPercvl d 1976b reana- 
lyzed Leung's observations and deduced two periods: 0.0654 d 




0.000 



20 30 
frequency (c/d) 



Figure 10. Fourier analysis of BQ Ind. Panel a: Amplitude spectrum of the 
complete dataset. The insert shows the window function. Panel b: After re- 
moval of the main period and its harmonics, the secondary period is clearly 
seen. Panel c: After removal of the secondary period, the next peak is the 
linear combination of the two frequencies. 



Table 6. The result of the period analysis for BQ Ind. 
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and 0. 0513 d, suggesting fund amental and first overtone pulsa- 
tions (Balona & Martin 1978b). Previously, iBesselll dl969l) ana- 
lyzed spectrophotometric and spectroscopic observations and de- 
termined the pulsation constant, masses and absolute magnitudes, 
concluding the first-overtone pulsating nature of ZZ Mic. The first 
radius d etermination of the star was carried out by Bal ona & Martin 
1978b). The last analysis of the star was done by iRodriguez 
1999), who studied the stability of the light curve and did not find 



any significant long-term amplitude change. 

We took three nights of photoelectric observations in 2004 
using B, V filters on SSO60. For the calculations of differ- 
ential magnitudes we used the following two comparison stars: 
comp=HD 199639 (V = 7.28 mag, B - V = 0.16 mag) and 
check=HD 200320 (V = 8.96 mag, B — V = 0.51 mag). The 
phase diagrams are shown in Fig. II II 

Since the discovery of ZZ Mic, it has been controversial in 
terms of changing light curve shape and being multiperiodic. In or- 
der to study the question, we performed a period analysis of our 
admittedly meagre V-band data. The pre-whitening steps are plot- 
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Figure 9. Individual light curves of BQ Ind (small dots) with the five-component fit. 





Figure 11. Standard light, colour and radial velocity variations of ZZ Mic 
(E =2453305.9819 d; P=0.0671835 d). 



20 30 
frequency (c/d) 

Figure 12. Fourier spectra of ZZ Mic with the pre-whitening steps. The 
insert shows the spectral window. 



ted in Fig. [12] while the resulting parameters are listed in Table[7] 
The Fourier spectrum is dominated by the main pulsational period 
(/i =14.896 c/d) and its harmonic. With a much lower amplitude 
(Aa =14 mmag compared to Ai =147.3 mmag) we detected a sec- 
ondary period at fa =19.15 c/ d which is a reasonably good agree- 
ment with that of lPercvl Jl976l) (/i =15.3 c/d, f 2 =19.5 c/d). The 
S/N ratio of this frequency is 8, which is quite low compared to 
/i and 2/i but still above the significance limit. 

Because of the limited data we have, we tried to detect the 
secondary frequency in other publicly available data. We ana- 
lyzed the data from the All Sky Automated Survey (ASAS) project 
(Poimahski 2002). The Fourier spectrum of this data (Fig. |13t 
clearly shows the main pulsational period at /i =14.885 c/d but 
the noise level in the dataset (~23 mmag) is too high compared 



to the amplitude of the secondary frequency (~14 mmag), which 
prevents any detection in the ASAS data. 

If we accept f$ as an independent mode, the ratio of the two 
modes is f\ / fz = 0.778. This suggests f\ is the fundamental mode 
and fs is the first overtone mode. The fundamental mode identifi- 
cation for /i is strongly supported by the ubvy/3 ph otometry of 
iRodnguez. Lopez-Gonzalez. & Lopez de Coca 2000). Moreover, 
/i must be a radial mo de which was sug gested from the phase shifts 
in BV photometry bv lRodnguez et all l ll996h . 

Moreover, a period ratio of 0.778 seems to b e too 
large for a normal Pop. I HAD S jPoretti et all 120051 : 
iPetersen & Christensen-Dalsgaard Il996h which suggests that 
ZZ Mic is a Pop. II star. However, the value of is not too 
reliable, so the period ratio might be slightly different. Studies on 
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Table 7. The result of the period analysis for the ZZ Mic. 
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Amplitude 
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±1.4 
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85 
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Figure 13. The Fourier spectrum of ZZ Mic using the ASAS data. The 
insert shows the spectral window. 

metal abundances and space motions dBreger|["l980h suggest that 
ZZ Mic is a normal Pop. I HAPS, which is also s upported by 
iRodriguez. Lopez-Gonzalez. & Lopez de Coc3 |200G). 

We obtained spectra simultaneously with BV light curves on 
one night using SSO230. The resulted RV curve is shown in the 
bottom panel of Fig.QT] which is the first radial velocity curve ob- 
tained of ZZ Mic. The full amplitude of the RV curve is 22 km s - 1 . 




phase 



Figure 14. Standard light, colour and radial velocity variations of CY Aqr 
(E =2452920.9223 d; P=0.061038328 d). 



3.6 CY Aquarii 

CY Aqr (HIP 111719; V=\0.1 mag, J=10.3 mag) is one of 
the shortest period HADS in the galactic field, with a pulsa- 
tion period of 0.061038d, and h as been subj e ct to many in- 
vestigations. It was discovered by iHoffmeister Jl935h. A num- 



berof early studies on the star are listed by Har die & Tolbertl 
dl96ll) . who estimated physical parameters and found that the 
shape of the light curv e varies. The period stability was stud- 
ied bv lAshbroold dl954h . who found no change in period but no- 
ticed a phase jump that seemed to be a ttributed to the star. Fur - 
ther studies were made bv lZisselll l fl96l) : lNather & Warned d 19721) : 
iBohusz & Udalskil dj980). Changes in light curve shape and the 
possibilit y of another period were a ls o inve s tigate d in several pa- 
pers, e.g. [ms3 dl972h : iFitchl dl973l); iFigeil dl978h but bo t h phe- 
nomen a were discounted later b yjGever & Hoffmann ( 1975); Percv 
dl975h; IPurgathofer & Schnelil dl984l) ; iHintz & Jonen 1 dl997t) . Fi- 
nally. ICoates et alj d 19941) set a definite upper limit of 1.5 mmag 
in V for the amplitu de of any long-lived secondary period. 

iKamped d 19851) made a thorough period study and his re- 
sults indicated the presence of random fluctuations in pulsation 
frequency that cannot be explained by considerin g only evolu- 
tion. O t her period change studies were performed by Rolland et al. 
dl986l); iMahdv et al.1 dl988h : [Powell. Joner & McNamaral dl995rT 
McNamara, Powell, & Jonen d 19961) determined physical proper- 
ties. |Fu a _Jiang J _& Liu ( 1994) suggested that the period changes due 
to the presence of an unseen compani o n wit h an orbital period 
of aro und 50 years. IZhou. Fu. & Jiangl dl999l) and iFu & Sterkenl 
d2003l) studied the O-C diagram to characterize long-term period 
evolution. They found a long-term cyclic component, and both 



suggested possible binarity for CY Aqr with an orbital period of 
~62.4 yr and ~52.5 yr, respectively. 

We obtained 3 nights of standard BVI photoelectric, 5 nights 
/-band and 5 nights CCD V-band photometry with SSO60, APT50 
and P60 between 2003 and 2007. The integration time was 15s 
with SSO60 and 50s with the APT50. The full log of observa- 
tions is given in Table I A 1 1 Differential magnitudes were calcu- 
lated using the following comparison stars: comp=GSC 00567- 
02242 (V = 9.8 mag, I = 8.96 mag, B - V = 1.38 mag) 
and check=GSC 00567-01242 (V = 10.6 mag, J = 9.62 mag, 
B — V = 1.14 mag). The resulting light and colour curves are plot- 
ted in the top three panels of Fig. [14] We determined new times of 
maximum that are listed in Tabled The O-C dia gram (not shown) 
is in a very go od agreement with light-time solution determined by 
IFu & Sterkenl d2003l) . 

We obtained spectroscopic observations on two nights in 2003 
and 2004. The mean radial velocity is -38 k m s -1 . This v alue 
is in a good agreem ent with previous data bv lStruvelfl949l) and 
iFernlev et al.1 dl987l) . who measured -32 km s _1 and -40 km s _1 , 
respectively. The predicted ampli tude of mean velocity ch ange due 
to the binarity is ~1.4 km s - 1 dZhou.Fu, &Jiandl 19991) which is 
comparable to the accuracy of our observation. Furthermore, due 
to the high eccentricity and long period of the binary system, the 
mean velocity changed only slightly in the last 10 years, which is 
far beyond our detection limit. In conclusion, our radial velocity 
observations do not contradict the current understanding of the na- 
ture of CY Aqr. 
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Figure 15. Phased RV curve of BE Lyn (HJD=2449749.4651 d, 
P=0.09586952 d). 



3.7 BE Lyncis 

We obtained high-resolution spectroscopy of BE Lyn on three 
nights with MH150 in order to detect possible binarity or additional 
pulsational frequencies. The period change of this star inspired a se- 
ries of studies by our group dKiss & Szatmary| [l995 ; Derek as~et al.l 



120031: ISzakats. Szabo. & Szatmary||2008h and, while the initial or- 
bital elements of the suspected binary system were ruled out and 
hence leaving the binarity unconfirmed, the lack of spectroscopic 
data in the literature has kept this star in our focus. 

To our knowledge, our radial velocity measurements are the 
first obtained for BE Lyn. The phased RV curve is shown in Fig.l 151 
where we see characteristic shape and velocity amplitude for fun- 
damental mode pulsation. The center-of-mass velocity is measured 
at 3.4 km s _1 , while the amplitude of the variation is ~34 km s" 1 . 
There is no sign of gamma velocity change during the three nights 
of observation and we also could not detect any non-radial mode 
pulsation in the RV curve. Further study of the data in terms of 
velocity gradient within the stellar atmosphere is in progress. 



3.8 Period updates for XX Cygni, DY Pegasi and 
DY Herculis 

We performed times-series photometry on XX Cyg , DY Peg and 
DY H er. Previous studies of these stars are listed in Derekas et al. 
< l2003h . Since then, only DY Peg was studied bv lHintz et al.U 2004). 
who explained the period change of the star with two period breaks 
rather than continuously decreasing rate, as was previously thought. 

We obtained 3 nights of V-band CCD photometry on XX 
Cyg with P60 and Sz40 and 1-1 night on DY Her and DY Peg with 
P60 during 2007 and 2008. The journal of observations is given in 
Table [ATI We determined new times of maximum that are listed 

ntly 

publi sh ed data co ll ected fro m the literature ( Agerer & Hubscher 



in Table [2] The updated O-C diagrams contai n these and recent! 
publi: 

20031: 



Hubscher, Paschke & Walter 



toschel J2005l; 
Biro et al.1 120061: iHubscher, Paschke & Waltei 
Klingenberg, Dvorak, & Robertsonl 20061 ; 



Hubscher 



2005 



2006 



2007 



Hubscher & Walte j2007l) 

We calculated the O-C diagram of XX Cyg using the follow- 
ing ephemeris: HJD max = 2451757.3984 + 0.13486513 x E 
dPerekas et alj2003h . and the resulting diagram is shown in the top 
panel of Fig. [T6] The parabolic fit form of the O-C diagram is: 
HJD max = 0.0003 + 3.49 x 10~ 8 E + 2.93 x 10" 13 £ 2 with an 
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Figure 16. O-C diaf 


;ram of DY Peg, DY Her, XX Cyg. 



rms of 0.00152 d. The second-order coefficient corresponds to a 
relative rate of period change -3 4? = 1.17 x 10 _8 yr _1 , which is 
only slightly differ ent from the value ofl.l3x 10 _8 yr _1 given by 
iBlaike et alJ j2003l) . Therefore, we can conclude that the period of 
XX Cyg has been increasing at a same rate of the last few years. 
The residuals have no signs of any other change. 
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The O-C diagram of DY Her was calculated with the fol- 
lowing ephemeris: H JD max = 2433439.4871 + 0.1486309 x E 
l lDerekas et alj|2003h . The diagram is shown in the middle panel 
of Fig. [16] The O-C diagram was fitted with a parabolic form of 
HJD max = -0.001(3) + 3.98 x 10~ 7 _E - 8.98 x 10" 13 £ 2 with 
an rms of 0.001 3 d, which gives = -2.96 x lO^V" 1 - This 
is 6% difference in t he rate of period change previously given by 
iDerekas et all (2003). The residuals do not show any other period 
change, so we can conclude that the present results in period change 
is very well agreed with the previous studies of DY Her and the star 
is showing continuous slow period decrease. 

Finally, we also updated the O-C diagram of DY Peg using the 
fol lowing ephem eris: HJD max = 2432751.9655+0.072926302 x 
E (Mahdy 1987) and shown the final O-C diagram in the bottom 
panel of Fig. [16] We performed a parabolic fit of the diagram that 
resulted in the following form: HJD max = -0.003(8) + 6.34 x 



Table 8. Summary of the estimated masses of the companions in the 
known HADS bin ary sy stem s. Sources for P or b and masses are: (1) 



10~ B £-2.38 X 10 
derived 



ment with 



' 13 E 2 with an rms of 0.0008 d. From this, we 
3.27 X 10~ 8 yr~ 1 which is in a good agree- 
Mahdyl fl987h . IPena. Gonzalez & Hobartl dl987h and 



Derek as et al. H2003I) . The residuals of the O-C diagram show some 



signs of cyclic change over 100 000 cycles but the present data are 
insufficient to draw a firm conclusion. 



4 CONCLUSIONS 

We have carried out multicolor photometry and medium- and high- 
resolution spectroscopy of ten bright high-amplitude 5 Scuti stars 
over 5 years. Our aim was to detect binarity and/or multiperiodicity 
in HADS variables in order to deepen our knowledge of interaction 
between oscillations and binarity. 

To put our binary targets in a broader context, we have com- 
piled a complete list of binary HADS variables, presented in Table 
[8] How do RS Gru and RY Lep, the two newly confirmed spec- 
troscopic binaries, compare with other known systems? Looking 
at the 8 stars in Table [8] we can see three distinct groups with 
markedly different orbital periods. RS Gru is one of the shortest- 
period binary and it is interesting to note that neither UNSW-V- 
500 nor RS Gru show evidence of multimode pulsations. RY Lep 
is similar to SZ Lyn both in the orbital period and the reasonably 
large mass of the companion. These intermediate-period systems 
are also promising for detecting spectral features of the companion 
in the ultraviolet or infrared region, thus allowing a full dynami- 
cal mass determination. To be able to detect spectroscopically the 
binary nature of the long-period systems, will require very high- 
precision spectroscopy, since the expected v 7 change is in the range 
of 1 km s _1 . 

To summarize, the main results of this paper are the follows: 

(i) We monitored RS Gru spectroscopically on 17 nights in or- 
der to measure the orbital period. We derived the orbital period as 
1 1.5 days. 

(ii) We confirmed the multimode pulsation of RY Lep from 
CCD photometry, detecting and refining the frequencies of 
two independent modes. Spectroscopic measurements also show 
the multimode pulsation. We detected the orbital motion in 
the radial velocity curve, con fi rming the preliminary results of 
lLanev. Joner. & S chwendiman (2002) on the binary nature of 
RY Lep. Our 700 day-long dataset is in goo d qualitative agreement 
with lLanev. Joner. & Schwendimanl j2002h . The limits on the or- 
bital period and RV amplitude suggest a binary companion of about 
1 Mq, possibly a white dwarf star. 



Ch 



ristiansen et al. (2007), (2) Moffett et al. (1988), (3) Fu et. al (200: 



(4) iFu & Jiand (1999J), (5) iHurta et al.1 
120041) . 



(6) IFu. Sterken & Barrera 



Star 


^orb 


racomp(M Q ) 


Refs. 


UNSW-V-500 


5.35 d 


~0.3 


1 


RS Gru 


11.5 d 


0.1-0.2 


present paper 


RY Lep 


730 d: 


~1.1 


present paper 


SZ Lyn 


3.2 yr 


0.7-1.6 


2 


KZHya 


26.8 yr 


0.83-3.4 


3 


BS Aqr 


31.7 yr 


0.1-0.33 


4 


ADCMi 


42.9 yr 


0.15-1.0 


5 


CY Aqr 


52.5 yr 


0.1-0.76 


6 



(iii) The radial velocity curve of AD CMi shows cycle-to-cycle 
variations that sup port the presence of a low frequency mode pul- 
sation reported by Khokhuntod et al. ( 2007]). The center-of-mass 
velocity is in good agr eement with the previous measurement by 
iBalona & Stobid dl983l) and does not contradict the binary hypoth- 
esis of the star, since the predicted 7-velocity change is around 
1 kms" 1 . 

(iv) We obtained the first spectroscopic measurements for 
BE Lyn. The RV curve has an amplitude of ~34 km s" 1 and the 
center-of-mass velocity is 3.4 km s _ . 

(v) We confirmed the double-mode nature of BQ Ind, corre- 
sponding to the fundamental and first overtone modes. 

(vi) We detected a low-amplitude secondary period in the pho- 
tometry of ZZ Mic but further observations are needed to confirm 
its validity. The RV curve has a full amplitude of 22 km s _ . 

(vii) We updated the O-C diagram for CY A qr, corroborat- 
ing bi narity found by Zhou, Fu, & Jiang] d 19991) and lFu & Sterkenl 
(2003). Our radial vel ocity da t a are in a good agreement wit h pre- 
vious observations by IStruvel d 19491) and iFernlev et al.l J 1987b but 
have better accuracy. 

(viii) We obtained new time series photometry on XX Cyg, DY 
Her and DY Peg and updated their O-C diagrams with new times of 
maximum. DY Her and DY Peg show continuous period decrease, 
while XX Cyg has continuous period increase. 

Further analysis of the photometric and spectroscopic observations 
(e.g. determination of physical parameters) will be presented in a 
subsequent paper. 
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APPENDIX A: FULL LOG OF OBSERVATIONS. 



Binarity and multiperiodicity in HADS variables 



Table Al. Journal of observations. 



Date 


Filter 


Instrument 


Data points 


Obs. length 


Date 


Filter 


Instrument 


Data points 


Obs. length 


RS Gru 










AD CMi 










2003-10-07 


B,V,I 


SSO60 


93 


3.6 h 


2004-02-04 


spec. 


SSO230 


63 


4.9 h 


2003-10-09 


B.V,I 


SSO60 


145 


4.4 h 


2004-02-07 


spec. 


SSO230 


69 


4.3 h 


2003-10-1 1 


B,V,I 


SSO60 


125 


2.9 h 


2004-02-08 


spec. 


SSO230 


47 


2.6 h 


2003-10-12 


B,V,I 


SSO60 


121 


2.9 h 


BQ Ind 










2004-10-02 


B,V,I 


SSO60 


141 


3.6 h 


2004-10-25 


I 


APT60 


153 


3.5 h 


2003-10-09 


spec. 


SSO230 


151 


3.9 h 


2004-10-26 


I 


APT60 


46 


1.1 h 


2004-09-25 


spec. 


SSO230 


146 


3.3 h 


2004-10-27 


I 


APT60 


156 


3.6 h 


2004-09-26 


spec. 


SSO230 


170 


3.4 h 


2004-10-28 


I 


APT60 


133 


3.0 h 


2004-09-27 


spec. 


SSO230 


99 


2.3 h 


2004-10-29 


I 


APT60 


120 


2.8 h 


2004-09-28 


spec. 


SSO230 


14 


0.3 h 


2004-10-30 


I 


APT60 


98 


2.2 h 


2005-05-28 


spec. 


SSO230 


14 


0.7 h 


ZZMic 










2005-05-29 


spec. 


SSO230 


179 


3.8 h 


2004-10-27 


B,V 


SSO60 


148 


2.7 h 


2005-05-30 


spec. 


SSO230 


203 


4.1 h 


2004-10-29 


B,V 


SSO60 


105 


1.7 h 


2005-05-31 


spec. 


SSO230 


161 


4.2 h 


2004-10-30 


B,V 


SSO60 


124 


2.1 h 


2005-06-01 


spec. 


SSO230 


86 


3.4 h 


2004-10-27 


spec. 


SSO230 


41 


2.4 h 


2005-06-02 


spec. 


SSO230 


57 


1.4 h 


CY Aqr 










2005-08-17 


spec. 


SSO230 


116 


2.9 h 


2003-10-08 


V,I 


SSO60 


193 


4.0 h 


2005-08-18 


spec. 


SSO230 


125 


3.2 h 


2003-10-10 


V,I 


SSO60 


85 


1.7 h 


2005-08-21 


spec. 


SSO230 


8 


1.1 h 


2003-10-13 


B,V 


SSO60 


175 


2.9 h 


2005-08-22 


spec. 


SSO230 


37 


3.5 h 


2004-1 1-24 


I 


APT50 


43 


1.3 h 


2005-08-23 


spec. 


SSO230 


98 


3.4 h 


2004-1 1-25 


I 


APT50 


47 


1.3 h 


2006-07-21 


spec. 


AAT 


40 


4.2 h 


2004-11-26 


1 


APT50 


33 


0.9 h 


RYLep 










2004-1 1-27 


I 


APT50 


45 


1.3 h 


2004-10-25 


I 


APT50 


190 


3.3 h 


2004-1 1-28 


I 


APT50 


49 


1.3 h 


2004-10-28 


I 


APT50 


246 


3.7 h 


2007-07-25 


V 


P60 


101 


1.2 h 


2004-10-29 


I 


APT50 


335 


4.9 h 


2007-07-26 


V 


P60 


103 


1.8 h 


2004-1 1-24 


I 


APT50 


105 


1.9 h 


2003-10-08 


spec. 


SSO230 


87 


3.6 h 


2004-1 1-25 


I 


APT50 


366 


5.8 h 


2004-07-04 


spec. 


SSO230 


22 


1.6 h 


2004-1 1-26 


I 


APT50 


345 


6.1 h 


BELyn 










2004-1 1-27 


I 


APT50 


385 


6.0 h 


2007-10-25 


spec 


MH150 


10 


1.0 h 


2004-1 1-28 


I 


APT50 


380 


6.2 h 


2007-10-26 


spec 


MH150 


22 


2.1 h 


2004-12-24 


I 


APT50 


98 


1.4 h 


2007-10-27 


spec 


MH150 


20 


2.0 h 


2004-12-25 


I 


APT50 


60 


1.2 h 


XX Cyg 










2004-12-27 


I 


APT50 


324 


4.7 h 


2007-07-25 


V 


P60 


117 


3.2 h 


2004-12-28 


I 


APT50 


464 


6.7 h 


2007-07-27 


V 


P60 


201 


3.6 h 


2004-12-29 


I 


APT50 


471 


6.8 h 


2008-07-29 


V 


Sz40 


85 


3.3 h 


2004-12-30 


I 


APT50 


419 


6.6 h 


DY Her 










2005-01-06 


I 


APT50 


144 


2.1 h 


2007-07-22 


V 


P60 


131 


2.2 h 


2005-01-07 


I 


APT50 


140 


2.0 h 


DYPeg 










2005-01-08 


I 


APT50 


137 


1.9 h 


2007-07-23 


V 


P60 


145 


2.7 h 


2005-01-09 


I 


APT50 


135 


1.9 h 












2005-01-10 


1 


APT50 


130 


1.9 h 












2005-01-11 


I 


APT50 


128 


1.9 h 












2004-02-05 


spec. 


SSO230 


178 


4.5 h 












2004-02-06 


spec. 


SSO230 


134 


3.9 h 












2004-10-26 


spec. 


SSO230 


28 


1.3 h 












2004-10-27 


spec. 


SSO230 


75 


3.9 h 












2005-12-19 


spec. 


SSO230 


233 


5.5 h 












2005-12-20 


spec. 


SSO230 


203 


5.5 h 













